Although it is of interest, I would not consider it for publication in its current form, but have highlighted some key issues which can be classified as major revisions and if addressed may improve the manuscript further.
Before and after studies are intrinsically weak evaluative designs with a high risk of bias as they fail to account for secular trends and the lack of comparators make it difficult to attribute any observed differences to the intervention rather than to other factors. As such, a stronger justification for the use of the design and the inherent limitations in doing so need to more fully acknowledged in the discussion.
Before and after studies can at best only ever give tentative indications of benefit and the results have to be interpreted with great caution. This is not the case in this manuscript as the observed effects are described as 'strong evidence of effect' throughout. This is inappropriate and not reflective of the limited pre/ post self-report data presented.
The authors also need be clearer about how many patients are actually included in the analysis and to then acknowledge and take account of whether there are systematic differences between responders and non-responders. We know that 448 patients were referred to the social prescribing programme but it appears that only 56 may have completed both baseline and follow up assessments.
Finally, a major issue with social prescribing evaluations is understanding who got what. This manuscript is no different in this regard and interpretation could be enhanced if detail was included on which patients were referred to what services and for what duration.
REVIEWER
Josephine Wildman Newcastle University, UK REVIEW RETURNED 26-Oct-2018
GENERAL COMMENTS
Thank you for the opportunity to review this paper. There is growing enthusiasm -and funding -for social prescribing schemes. As the authors note, there is an urgent need for evidence that social prescribing is effective and they have undertaken an important research task. The authors are also clear about the difficulties in evaluating complex interventions such as SP.
The paper in its current form has some major points that requiring addressing: (The line numbering doesn't line up. I have done my best to indicate where the comments apply.) Abstract: I am unclear where the 146 figure comes from. The main text states that 186 completed a baseline questionnaire (reduced to 146 after missing covariate data). However, only 56 completed a baseline questionnaire. Need more detail on the nature of sessions services users were referred to. Introduction: Page 5, lines 1-3. The authors note that SP evaluations are not published in academic journals. This needs explanation. Is it due to their complexity? Page 5, lines 37ff: More detail on the referral criteria (if there were any) for the SP is needed. If there were none, this should be noted. Similarly, how did navigators identify patients' non-medical needs? Did this involve a tool? Figure 1 : Should the text in the last box read: Reassessment AFTER a number of sessions? Figure 1 states that navigators make onward referrals or signpost to sources of support. This is likely to be an important factor in service uptake. A fuller description of how the service works is needed. The article summary notes that this study is the first to evaluate the effects of covariates on energy expenditure post SP. An omission is a discussion of which activities the service users were referred to. It needs to be made clearer that although this study looked at physical activity, referrals were made to services not directly related to physical activity. It is likely that the sample here was too small to explore activity type as a covariate, but this might be of interest in future studies. The strengths of Bayesian approaches require references. The authors need to mount a stronger argument for why, given the study's major limitations, the results are still sufficiently robust to provide evidence on which commissioners should act. Discussion is needed around why previous evaluations found mixed results. Why might these studies' findings differ from those of this study? Further discussion on aspects of the Luton SP that may result in increased physical activity would be interesting. Are the navigators likely to be an important component? Add some discussion of the potential impact of the end the 12 free sessions. What impact might this have?
VERSION 1 -AUTHOR RESPONSE
Reviewer 1 Comments Response Before and after studies are intrinsically weak evaluative designs with a high risk of bias as they fail to account for secular trends and the lack of comparators make it difficult to Thank you for the comment. The following information was added to the Discussion: attribute any observed differences to the intervention rather than to other factors. As such, a stronger justification for the use of the design and the inherent limitations in doing so need to more fully acknowledged in the discussion.
Another limitation of this study is the lack of a control group. It was not possible to compare outcomes from those engaging with the service with those who did not, due to practical and resource issues. Thus, the results of this study have to be interpreted with caution, as it is possible that the observed differences are attributed to other factors, rather than the engagement in the social prescribing service. Before and after studies can at best only ever give tentative indications of benefit and the results have to be interpreted with great caution. This is not the case in this manuscript as the observed effects are described as 'strong evidence of effect' throughout. This is inappropriate and not reflective of the limited pre/ post self-report data presented
We agree with this point raised by the referee. We initially presented the results through a staged perspective: (1) Strength of evidence of the data conditional on a powerful design; and (2) Strengths and limitations of the study as a before-and-after study, which does have an impact on the former. As the referee correctly points out, this may give an incorrect impression of the strength of the overall results in the context of the study. To avoid confusion between statistical evidence (traditionally conditional on the design) and unconditional evidence (incorporating the design limitations, which aligns with the referee's comment), we have revised the manuscript to align the evaluation of the study results from an unconditional perspective. We added the following statement at the end of the Bayesian analysis section: However, all evidence reported is conditional on the before-and-after study design, including its limitations (see Discussion).
Furthermore, from a language perspective, we removed all references to "strong" evidence into evidence, and included further comments about the strengths and limitations of the study and conclusions within the manuscript. The authors also need be clearer about how many patients are actually included in the analysis and to then acknowledge and take account of whether there are systematic differences between responders and nonresponders. We know that 448 patients were referred to the social prescribing programme but it appears that only 56 may have completed both baseline and follow up assessments.
We have added a table (new Table 1 ) to clarify these numbers. The relatively high attrition rate (70%) in this study was also compared with previous studies on social prescribing programmes in the UK.
Finally, a major issue with social prescribing evaluations is understanding who got what.
Thank you for the comment. We agree that it is important to understand which patients This manuscript is no different in this regard and interpretation could be enhanced if detail was included on which patients were referred to what services and for what duration.
were referred to what service and for what duration. Unfortunately, the described delays in the development of the shared IT system resulted in the collection of incomplete and not standardized data. Therefore, we could not include these variables in the analysis, as initially planned.
The following information was added to the Discussion in the manuscript:
Significant delays in the development of the shared IT system hindered the collection of standardised data. Although data on the ethnicity of service users, types of referred services and activities, number of attended sessions, adherence to the service, and drop-outs were initially planned to be included in the analysis, it was not possible due to the lack of standardised reporting and incomplete data. Individuals with complete covariate information and baseline measurements only (N=146) were included in the Bayesian analysis. Need more detail on the nature of sessions services users were referred to.
Thank you for the comment. We agree that it is important to understand which patients were referred to what service and for what duration. Unfortunately, the described delays in the development of the shared IT system resulted in the collection of incomplete and not standardized data. Therefore, we could not include these variables in the analysis, as initially planned.
The following information was added to the Discussion in the manuscript: Significant delays in the development of the shared IT system hindered the collection of standardised data. Although data on the ethnicity of service users, types of referred services and activities, number of attended sessions, adherence to the service, and drop-outs were initially planned to be included in the analysis, it was not possible due to the lack of standardised reporting and incomplete data. Introduction: The authors note that SP evaluations are not published in academic journals. This needs explanation. Is it due to their complexity?
Thank you for the comment. The following information was added to the Introduction:
Most social prescribing evaluations are available from grey literature sources (e.g. informal web-based sources and evaluation reports), and therefore often do not adhere to formal reporting and quality standards expected in academic journal articles [14] [15] [16] [17] . This trend may be explained by the fact that social prescribing is a relatively new field of research and that the 'scientific' evaluation of local schemes may be of minor interest and limited by restricted resources [17] . More detail on the referral criteria (if there were any) for the SP is needed. If there were none, this should be noted. Similarly, how did navigators identify patients' non-medical needs? Did this involve a tool?
The following information was added to the Introduction:
Based on the needs of the local community, the key target groups of the Luton SP programme included people with high risk for or diagnosis with diabetes type II and chronic obstructive pulmonary disease (COPD), people with mild to moderate mental health issues (particularly depression and anxiety), people who are experiencing loneliness and/or social isolation, and carers. Although the specific focus was on the groups outlined above, GPs had the option to refer all patients who could benefit from social prescribing to the programme. To do so, the category 'Other' was included on the referral form to social prescribing.
The role of navigators involved an individual assessment to identify the non-medical needs of service users, motivational interviewing, continuous personalised support, and to link service users with nonmedical sources of support, to help improve their health and wellbeing. Figure 1 states that navigators make onward referrals or signpost to sources of support. This is likely to be an important factor in Thank you for your comment. More information on how the service works was added to the Introduction (please see earlier comments/responses) service uptake. A fuller description of how the service works is needed. The article summary notes that this study is the first to evaluate the effects of covariates on energy expenditure post SP. The relevance of covariates needs to be mentioned in the introduction: Why are we interested in covariates in this context? Thank you for the comment. The following information was added to the Introduction:
In addition, this study aims to evaluate the effects of covariates (age, gender, working status) on energy expenditure after engaging in the social prescribing service. Covariates help us describe the potential differences in proclivity, among clusters of individuals, to be affected by the intervention. Since we cannot assume a priori that all individuals will be equally affected by the intervention, we introduce covariates to explain any potential differences in activity changes among individuals. This is relevant because of the wide spectrum of individual's characteristics in the population of interest. Is there evidence that the intervention may induce a different effect for individuals with specific characteristics in terms of age or gender for example? If so, those should be quantified. Understanding the effects of covariates on energy expenditure can help to understand possible differences in energy expenditure between service user groups (e.g. men and women or those working and not working). Differences in observed changes by service user groups may indicate that some groups require more support than others to engage in physical activity, and hence the results can inform service development. If there are no differences between groups, the resulting model is equivalent to one where the covariates were excluded a priori. Adding them to the initial model only enhances the potential explanatory power of the analysis. Navigators also collected data on the mental wellbeing of service users pre and post intervention. However, as this data is not relevant for this paper, the data collected on mental wellbeing was not mentioned and is presented in a separate manuscript.
The following information was added to the Discussion to explain that additional data was collected but could not be included in the analysis due to the lack of standardized reporting:
Significant delays in the development of the shared IT system hindered the collection of standardised data. Although data on the ethnicity of service users, types of referred services and activities, number of attended sessions, adherence to the service, and drop-outs were initially planned to be included in the analysis, it was not possible due to the lack of standardised reporting and incomplete data. Thus, these covariates could not be included in the present analysis, but might be of interest in future studies
The authors note the use of Bayesian methods as a key strength of the study. As this type of analysis will likely be novel to many readers, a clear motivation of Bayesian methods and why they're better suited to this evaluation than the (more familiar ML) alternatives is needed.
Although some of the justifications for the statistical paradigm were introduced already in the Discussion, we have now added a more timely justification within the Statistical analysis subsection to cover the choice of Bayesian methods. From an epistemological perspective, we did not feel comfortable reporting frequentist confidence intervals and related conclusions built on small sample sizes.
The following Information was added to the Statistical analysis:
The choice of Bayesian methods was made because of a dual purpose: (1) low sample size presented in this study relative to the parametric complexity of the model (Bayesian methods do not rely on asymptotic theory to produce outcomes); and (2) built-in capacity to introduce prior information, which, although not relevant within this study (we use non-informative priors), it would be more relevant when combining the outcomes in this manuscript with future research in this area (for example, informing future priors). A brief explanation of ZNIB models would be useful or perhaps a reference to allow readers to explore further.
Thank you for this suggestion. We have now expanded the Statistical analysis section to incorporate further detail on ZINB models, which, although they have been present in the statistical literature for years (in fact, one of the co-authors published some of the initial methodological work in Bayesian zeroinflated models), they may not be widelyknown to the reader.
The following information was added to the Statistical analysis:
Zero-inflated models [30, 31] allow for expansion of traditional count models, such as Poisson or Negative Binomial, to account for excess zeros due to structural reasons. These models are of natural applicability to physical activity, where there are two major states of nature, one continuous and one discrete: some physical activity or no physical activity (zero). A negative binomial approach is appropriate for cases of overdispersed distributions (standard deviation of the data significantly larger than the overall mean), which is the case in non-zero physical activity across a wide spectrum of individuals' baseline characteristics. Include an explanation of the use of a Bayesian approach to deal with small sample size. Moreover, the use of Bayesian approaches to overcome small samples is not beyond debate. We have now added a paragraph describing/justifying the use of Bayesian methods for small sample sizes within the Statistical analysis section -see response to a related earlier comment. The sensitivity of posterior densities to the choice of hyperparameters is a non-issue for this study. A wide range of non-informative priors were tested (which we have now indicated in the Statistical analysis section), yielding similar results. While it is known that in some cases, the choice of hyperparameters can have some influence on the model outcomes (which has been extensively addressed in the statistical literature on objective Bayesian analysis), especially for less informative likelihoods and overparametrized models, this was not the case in our study. The strength of statistical evidence resulted in similar results across different model specifications, especially for key parameters such as the intervention effects on the zero and non-zero counts. Description of Bayesian software is repeated on pages 7 and 8.
Deleted on initial page 8. Thank you.
Results: Table 1 needs a sample total.
Added to now Table 3 (Previously Table 1) Descriptive statistics for outcome data are missing.
We have added a new Table (Table 2) with descriptive statistics for outcome data The authors note that Luton is an area of high multi-ethnicity. Could (should) this have been included as a covariate? Please see previous comments on why 'ethnicity' was not included in the analysis. An omission is a discussion of which activities the service users were referred to. It needs to be made clearer that although this study looked at physical activity, referrals were made to services not directly related to physical activity. It is likely that the sample here was too small to explore activity type as a covariate, but this might be of interest in future studies.
Employment status in
Clarification was added to the Introduction. The inclusion of ethnicity and activity types in future studies was added to the Discussion The strengths of Bayesian approaches require references.
We have now added two references when addressing the strengths of Bayesian approaches in the Discussion. The first one is a basic introduction to the Bayesian paradigm strengths (and weaknesses) for neophytes, and the second one is a more advanced core reference in the statistical literature for those who may want further methodological detail. Thank you. The authors need to mount a stronger argument for why, given the study's major limitations, the results are still sufficiently robust to provide evidence on which commissioners should act.
We agree with the referee that the study in its current form cannot trigger policy changes from commissioners. However, it provides initial evidence that should grant further study. The nature and scope of the manuscript is that of an initial work in an understudied area for these types of interventions. We did not mean to imply that commissioners/policy makers should act on this study, but instead that this study can provide initial evidence on the need for further research that can help inform commissioners and policy makers to act on it. We have now modified the Conclusion section, to more properly express that the evidence found in the manuscript should serve, even within the boundaries of its limitations, to validate the need for further research on these types of interventions, as they could prove useful for commissioners and policy makers. Discussion is needed around why previous evaluations found mixed results. Why might these studies' findings differ from those of this study?
The following information was added to the Discussion:
Although the study by Kimberlee et al. and the current study found an increase in walking and moderate exercises postintervention, results cannot be directly compared due to different outcome measures (mean day scores vs. MET minutes per week) and methods of analysis [19] . This variety in outcome measures and research methods between the previous studies may also explain the mixed evidence base. Further discussion on aspects of the Luton SP that may result in increased physical activity would be interesting. Are the navigators likely to be an important component?
Thank you for the comment. More information on the role of the navigators was added to the Discussion.
Add some discussion of the potential impact of the end the 12 free sessions. What impact might this have?
Discussion on the potential impact of free services was added to the Discussion section.
VERSION 2 -REVIEW

REVIEWER
Paul Wilson Alliance Manchester busieness School REVIEW RETURNED 07-Jan-2019
GENERAL COMMENTS
The authors have made significant efforts to improve the manuscript. My one major outstanding comment would be that conclusions remain over stated. With findings based on just 56 participants (12.5% of those referred), I dont think its possible to say that social prescribing has the potential to increase physical activity levels when we dont know the outcomes for nearly 9/10 service users. The authors would be better to highlight that their use of Bayesian methods offers a means to generate insights irrespective of small sample sizes and loss to follow up.
REVIEWER
Richard L. Warr Assistant Professor of Statistics Brigham Young University, USA REVIEW RETURNED
25-Jan-2019
GENERAL COMMENTS
I stated "No" to question 4 since the data are not available. I stated "No" to question 7 since the model is not fully described (see below for more details).
The authors present a fair analysis of an observational study. From the information that is presented, their conclusions seem reasonable and the authors state the limitations of the study design and data collection. However I have a few comments and questions.
-I am not certain why the authors decided on the negative binomial model when the data seem to be fairly continuous, at least non-integer (specifically, Walking Met). The negative binomial model can only deal with integer data. If the data were rounded to integer values the authors should state that.
-I am not certain how many models were fit. Is there one for Walking MET, Moderate Met, Vigorous Met, and Total Met? If there were four models fit please specifically state that.
-With the many conclusions that the authors are making they need to be careful not to make very strong statements without considering how to adjust for multiple comparison testing. For example the P(A) and P(B) is different than P(A and B), since they are considered simultaneously (and most likely not independent).
Ignoring the above concerns, the statistical approach seems appropriate. However, some model details are lacking to fully describe the statistical approach. To make the research more transparent and thorough the following recommendations are given: 1-The authors should state in mathematical terms the negative binomial model (there are a few parameterizations) to explicitly show what the model is. More specifically, the authors use the parameter mu. I can assume that it is the mean on the NB model, however there are two parameters in the NB so it can't be fully specified with just a mean. Typically Bayesian model statements are written in the paper (much like they are specified in the OpenBUGS code). For example: X| parameters ~ NB(parameters) (please show PMF of NB somewhere) parameters ~ give exact distributions of the priors 2-As implied above the authors should write the priors for each of the parameters. They use the term "standard flat Gaussian priors." If the priors are Gaussian state that and specify the mean and variance. The term "flat" is typically used for improper priors and I would remove it if using Gaussian priors. 3-Since the authors are using MCMC to make probability statements about the posterior they should discuss the MCMC results. For example: a. How many posterior samples were obtained? b. Did the autocorrelation of the samples seem OK, or if very high, was any thinning done? c. Did the MCMC chains converge and was the mixing adequate? d. Could they report an effective sample size? Although I don't think they need to go into all the details, at a minimum the authors should explain that they did their due diligence, and the Monte Carlo samples from the posterior results will accurately represent the posterior distribution. 4-The authors do not discuss the "fit" of the chosen model. It is typical to attempt to determine how well the data adhere to the chosen model. Ideas of how to do this can be found in the Bayesian goodness of fit testing literature.
Minor comments: -Page 39 Lines 29-31 I think the authors are referring to theta* (vs theta). Also the term "nonlinear" adds confusion-I recommend deleting the word.
-Page 39 Line 41 the term "one continuous" seems wrong here, since the model is a negative binomial the non-zero part is being modeled as a discrete random variable. I recommend something like "one on and one off" to replace "one continuous and one discrete" -Page 40 Line 9 "A wide range of hyperparameters was" should be "A wide range of hyperparameters were." Here the authors are referring to doing a sensitivity analysis-if it doesn't cause any confusion I would call it what it is. For example "A sensitivity analysis was conducted, where a wide range of hyperparameters were tested, yielding similar posterior results." -Page 40 Line 36 "per cent" should be "percent" -Page 50 Line 3 To me the phrase "There is evidence" suggests the current study is providing that evidence. I might adjust the statement to something like "Previous studies suggest evidence" -Pages 43-49 I was especially interested to see the posterior probability intervals for theta and theta*. To me they are the essence of the study, and I couldn't find them. If they are somewhere in the tables, I suggest the authors label the tables with the parameter values.
VERSION 2 -AUTHOR RESPONSE
Reviewer 1 comments Authors' response The authors would be better to highlight that their use of Bayesian methods offers a means to generate insights irrespective of small sample sizes and loss to follow up.
Thank you for the suggestion. Since the other reviewer commented "…their conclusions seem reasonable and the authors state the limitations of the study design and data collection," then we have modified the first line in our Conclusion section to be more conservative in order to address your point by stating, "This study has shown that social prescribing may have the potential to increase the physical activity levels of service users and promote the uptake of physical activity in inactive patient groups." Note that we changed 'has' to 'may have' -both in the Conclusion section and abstract -to address your point.
We have also incorporated the following into the Conclusion section outlining more clearly both points: "The use of Bayesian modelling does not need to rely on large samples and can incorporate the uncertainty embedded in a low sample setting. Additionally, it incorporates the information contained regarding individuals for whom loss to follow up occurred, from which information borrowing is possible to learn about some of the common parameters." Reviewer 3 comments Authors' response I am not certain why the authors decided on the negative binomial model when the data seem to be The data is, indeed, reported in rounded integer format. This was the rationale for the choice of the negative binomial distribution (in conjunction with the overfairly continuous, at least noninteger (specifically, Walking Met). The negative binomial model can only deal with integer data. If the data were rounded to integer values the authors should state that. dispersion of the data). We have added a sentence to clarify the integer nature of the data within the Methods section:
"Minutes are reported in rounded integer form across all four levels of physical activity." I am not certain how many models were fit. Is there one for Walking MET, Moderate Met, Vigorous Met, and Total Met? If there were four models fit please specifically state that.
A different model was fit for each of the MET criteria. This is further clarified in the Methods section in the revised manuscript. "A different model was fit for each of the four IPAQ MET scores, and results are reported for each of the four models." With the many conclusions that the authors are making they need to be careful not to make very strong statements without considering how to adjust for multiple comparison testing. For example the P(A) and P(B) is different than P(A and B), since they are considered simultaneously (and most likely not independent).
We definitely agree with this statement. We aimed throughout the paper to provide conservative conclusions that account for a number of limitations in the study, including this one. From a purely statistical perspective, each of the posterior distributions appears to align (with more or less mass) with the overall conclusions of the manuscript. However, we do not imply that those conclusions are formed from four independent measurements providing independent or even simultaneous evidence (i.e., we do not need to account for multiple comparisons, since we are not providing a conclusion that requires all associations to occur simultaneously for the conclusions to be valid). Our study simply provides different angles of a similar problem. Note that although statistical statements are made around the posterior distributions for each MET score (and posterior/credible intervals therein), the actual conclusions of the study are more conservative to account for this issue.
Note also that the main parameter of interest (theta), which reflects the common increased percentage of mean minutes of physical activity upon intervention, would remain significant across all models even if we built the conclusions on conservative, Bonferroni-style adjustments of each of the four credible intervals (i.e., if providing a 99% credible interval to state a 95%-based conclusion). The authors should state in mathematical terms the negative binomial model (there are a few parameterizations) to explicitly show what the model is. More specifically, the authors use the parameter mu. I can assume that it is the mean on the NB model, however there are two parameters in the NB so it can't be fully Thank you for the suggestion. We have now included in the Methods section the following description that completes the Bayesian specification:
"The Bayesian specification is completed in the following form:
MET i,t~ { NB(μ i,t * , σ i,t ), with probability p i,t 0, with probability 1 − p i,t β k , β k * , θ, θ * ~ N(0, ζI) , specified with just a mean. Typically Bayesian model statements are written in the paper (much like they are specified in the OpenBUGS code). and the priors for the remaining parameters follow independent normal distributions with standard parametrization and hyperparameter vector of variances ζ, with I as the identity matrix. Also, at the end of the Methods section, we modified the following statement: "A sensitivity analysis was conducted where a wide range of hyperparameters (ζ) was tested, yielding similar posterior results, so the final specification is based on ζk=10 6 ." A more comprehensive description of the MCMC is attached at the bottom of this response for your reference.
As implied above the authors should write the priors for each of the parameters. They use the term "standard flat Gaussian priors." If the priors are Gaussian state that and specify the mean and variance. The term "flat" is typically used for improper priors and I would remove it if using Gaussian priors.
Thank you for the suggestion. This has now been addressed through the response to the previous comment by providing a full specification of the parameters and hyperparameters/hyperpriors over different paragraphs within the Methods section. A more comprehensive description of the MCMC is attached at the bottom of this response.
Since the authors are using MCMC to make probability statements about the posterior they should discuss the MCMC results. For example: a.
How many posterior samples were obtained? b.
Did the autocorrelation of the samples seem OK, or if very high, was any thinning done? c.
Did the MCMC chains converge and was the mixing adequate? d.
Could they report an effective sample size? Although I don't think they need to go into all the details, at a minimum the authors should explain that they did their due diligence, and the Monte Carlo samples from the posterior results will accurately represent the posterior distribution.
We have added several lines in the Methods section describing the MCMC procedure. A more comprehensive description of the MCMC is attached at the bottom of this response. "A total of 200,000 samples were drawn from the posterior distribution for each of the four MET models, with a 10,000 iteration burn-in and the Markov Chain Monte Carlo (MCMC) thinned to keep every 10 th draw to address very minor autocorrelation. The MCMC mixed appropriately and the goodness of fit tests indicate good fit of the model [33, 34] . The negative binomial model was fit using a more efficient parametrization (as a function of the mean), through a gamma mixture of poisson distributions [35] . This parametrization allows for fast and efficient mixing of the chain."
